LA-UR -81-1961

TITLE: DECISION-~DIRECTED MATERIALS=-ACCOUNTING PROCEDURES: AN OVERVIEW

AUTHOR(S): J. P. shipley MASTER

SUBMITTED TO: 22nd Annual Mecting of the Institute of

Nuclear Materials Management, July 13-15,
1981, San Francisco, CA

By soeptanee ol thaes artacr the pabil sher peneg oo thgt tis
US Goveramenst pergims g noneag lasive 1oy alty feen Loens
10 publeh o reproduce the pohilatwd foroy af thes contnhg
Hos, o 10 altow others o do s, o LS Gogereeae

LG

The L os Alamurs Howntilic L abaratory empesye that 'ne ol
et v tefy ey getu de gy wors pieefarewe e the gan
prees o6 the LEL Dispantnent of | neegy

.g
c
|
o
:
©
o
L
O
>
=
7
b
[,
=
c
-

LOS ALAMOS SCIENTIFIC LABORATORY

Post Otfice Box 1663 Los Alamos, New Mexico 87545
An Affirmative Acton.'Equal Opportunity Employer

Form No. 838 R}
81. No. 2829 A S A I RINITION P THE CACUMINT IS UNIMITED (A

UM CONTHACY W 140D ANG 38


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DECISTON-DIRECTED MATERIALS=ACCOUNTING PROCEDURES: AN OVEFILW®
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ARSTRACT

Witk raterials halancer teken At ntervale
Auch nar mi1y woanthe or a vear, the wrthelde for
trentire mricerials halaree datn and the ure of
the rreenlte by mafepuarde decirinn=makere are
relative!y atreivhtlrrward.  The increasine om-
pharir ne tirely Eateriaie arccurtine in vhich
halancer mav Yo Aravn, savy, on a dailv nr wenkly
hasir, rajeee anew auavtiiopu in theae twn areos;
(1) What s the = at pflnclive woare n! pxtract-
ing the manimur arount of intoreatior froe the
rateriale acemurting fata” () PBow ehoyld erafe-
puardr decirlon=-gakere yun the rooglea, apd vhat,
if arv, impact Adonea the 'acleinn procre=s have on
the aralvejs torhmpaues 7

Theee pnest{nms Jead rators ' tn prregdnr-
int cortypnatiome of wateriale balancer,
vrpaars o wln'le pry en) nfl eforenrne,  Inr peam-
rle, v rpet epleer the wnet apprapriat rombi-
nn? v, W ierline epme pepcilavatine  nf
porrible 0 uersipp aerpprioe, e L oar ahpart Ar
" tra tadd, Cente Y nf ot vy rall falep=alaem
rao'e e av ges wtapt yenugejle of the ppmEporcjiln
praedine . Biprpficant wnet hae bheean done  nn
Jore patepatore, Wl thelr pole an the palnpiale
Pisu ey o Prianer bar .|.|\. eppen b b
o, turrenl crileris may o rerietie
vtaterorts v ith yosport 1o matorjale lover the
araluve e 2pe.
sl artermargen

nv

Thie papey w1ll acdypra (heee caonrerpe, and
nlhapr, Ve ppe-aont ey an everviow nf the eureent
techpelopv,  tfucatpope atill te ke anavered will
he peaypted onp,

1. INTRe i) lon

The tisclinree of eatariale accountineg in
pevrrned by the frequency at vhirh sateriale
hWalances arn dravn, Currently evnlving praiires
mentn indicate that intarvala pf dave tn panke
will he of interael fny aome facil{ties, auch as
reprocnacine plante, Anaymjup phat aiuh halanene

“-1-|m-|-_'-:r-lv- var appoerd 'Il'\' the I'R Department !
Fneppe ‘N f{cn ol Bafspunrdn and Recuritv,

are practiecahle and varful, ard we khelipoge (Vow
nrl".'-‘ vell=dnfined toachninnre Ipr (variening
the materiale accruntine deta are repesapen,

Fer relatively irfreauert materjale hinta
ancen, mav eiv wenthe nr 3 vene ape-t, i° ir
reacsonahle apd jopical te treat eaeh halreer jp-
dependert v f1 the ethere.  Rtarieticral ponee-
durer for testinr sue! Ralareee for o e o f
nuclear materin? are mirple s we Vlebyoan 07
Falae=alar> and deteetion prabghili
contrnlled (or at leaet hounded), ard! a rpangij=
fiakle statomerr of ertirated tera?! leee Loy
pAain) nrver the interval and jle g prpanrte on
he wmade,

u ran bn

Fry the vituatine of mapp frarmery mav o jnle
halaneer, the eliploshalapre melhods ot o0 !
are re lomper aderoaln hepe nes fof he pe=
derjeally pepr 't clappactarioer | b,
ptr ol =0
Airs
and mpltip's Valanee porpicd’s =net Yo ey
Theer Tup ropererotate 1Vl
new nrocpdyree (e evargne the Fotpei='s A e

ine Jarp,

e

inle, einpli=halanee toete, Yo pete

LN Tiugrripn Frepmarine gnvppine 4 0V m

EHCTTRLIERTE I TR LIEY I R R B O PR

It o
teetipe ©
vlh e pthey arppi e 1] =gtappale Arer e ing
induding prac el canetsap s oAt et poaste
requirerents, It i the purpeee o this pagey
(o poinl vl emery e veon | rempsy
candidate tecknjogne 1o ment

L3 LTLERRTLR TP X )

e v gy senle
T THE ReOLE oF STATISHICN PRowdpren .
In the prartieal aprticatien ' rale yals

pecount ine there are thiee etapes e b)) ota
tirtical procedvies are pmpoptant:

alaterent,

Thete are ather ateas vhere stalistjeal mntha’e
arr necpeasivw (a,p., meparminmep) comtes 'V gy
thre Jdra] mrimar{le pith nhpaining the spanjsire
water{als acrounpyne ipfogeatioen, aw! we  hal)
nnl tvmal tham hepe,




Datection is not the end rasul: of materials
accounting: materials accounting wmavy detect an
apparent loss of matsrial, but the statistical
proceduren uned for detectinn make no statement
concerning the reason for the losa, The purpase
of detection is to trisper further investipation
(or to eliminate the need for it), wnich is in-
tended tro verifv the less and determine ite
cause, Nefined in thia wav, datection can he
haned on purelv statistical conaniderations, ro
that detection aenmitivity and falas-alarm and
derection nrobahilitier can generallv he well-
defired, at Teart in prineinle, However, at thins
ntape, these characterintics relate to detection
of a 1nar, not necennarilv divernion. Tt is im-
partant thar the detectinn atape he carried our
shortly after each halance to maintain the capa-
hilitv for timelinean in cane a loar {n detecred,

The detection atage far miltiple=halarce
procedures, in contrast to that for aingle-
halance metheds, is complicated hv the faer that
a lnap wmav arine from manv different diverainn
rcenarinn,.  The detectinn alparithm xuat he ca-
pabile of handlinp 1nrsen that occur abruptlv (in
one or o few bhalarce perirdr) or thore thar ac-
cumilate over scveral perinds, Therefore, the
alearithr munt cnllate and analvee dara frem pant
perinde extencine hack to some specified flducial
in time, That time fiducinl will penerally de-
nend or rafepuarda and nperaticnal reauirementa,
hut it mav he updated nr the harie nf etatintical
conciderstinne,

Recaure ¢ f the varisty nf diverreion nrce=
rarina that eust he arcommndated, the delpeclier
wtares mav rern't in meither an inventipstiap nor
ir eliriratire the pracihilite nf an invesripa-
tinm ju thp fugure, althpurt surh a dpriejinn mpaw
Le vheained uper derard, We o will roturn to phig
peirt Yarere,

Aucpermpul ermprirps Py FAl ) auapp jpuee? j=

3Ttrr A late has beer Jdolneted, apd it
srclneee miepn avtprejvoe atptintiral methoda fnp
rxtractine the =avimue ameant nt infoeration from
the matspinYe arcountiry data, The 'Rinrrational
berbine tvoup on Repracesrine Tiant Eafepyartat
rubprnor A, apansapnad by the TAVA, han Jieted 5
et of swtepe that mipht S follpwed in aueh an
investiralion. At all eleps, the wraristies!
Anrranrent pethuule mavy puide, and he purded he
nther investirative activities,

The purponre nf Asaepament j1a fwn=fnld: (1Y
tn degrermine wnether a lone jo pralv gyndyearive
of & divernion, and (7Y §f sn, 1o determine what
amount of matrrial wan diverted, Indicat{one al
roecih]le accountine prahioma and diversien aes.
narvics will alae be of w - dusing the {nveatisa-
tinn, Ar ancillary hut hyehly {mpertant henefyt
18 e retuctier of the vltimate {Alap-alarm
nrohahylite for the nerrall prasndures,

Fatimatinn nf thr Joer i paceanary durine
the sanesamenl atapr, All lnas eal{matnps ron-
piderast 1o date rrauire ar Aneimpt inn ghaygt the
tire interval over wvhirh the lnse necuresd, e
addition, all 1aan ratimators hyt the FI'F ep.
auire An asmimpt {on Aty the allncatinn nf Yoae

within the time interval. For asseasment, it ia
straightforvard to select that estimate having
the sreateat pisnificance frem saveral different
estimatora and assamptionn on time intervala and
allacations.

Loas estimation ia lean direetlv upeful in
the detection stape. The varietv of l1oar sce-
narie assumptions would dictare ths need for
several losa estimatorn ro maintain an aceentahle
detection probahilicv, hut in such n situstion
it {a difficult (but not imncpeihle) te contral
the false-alarm prohahilire, Thorefore, it in
bent tn minimize the need for pcenarieo Asmump-
tiona, vhich decreanen the userfulnear of lonan
entimators in the detection Atare. Vewever, we
recoenizge that far aome depirahle teatine nroce-
duren, datection and eatimarian are fnextricodlv
related: the CIIRI™ {p nne sxamnle, althoueh onlv
the time interval, and not the allecetion within
the interval, muat L,e connfdered. Thir nerd frr
entimation, and its attendanr asmrrpticrns, in the
detection atape are ot the roct nf marv of the
difficultien in deaipnine appropriate detectior
teating procedurea.

The final outcome of aracaament ijn A wtate-
ment of the resulen, for example, ar specified
Tn I™FCIRC/1S%, para. 0."  1In adtitien, »
atatewent of non-diverrion mav he pa-n iwredi=
ately follevine the detectinn rtare aemccicred
with rthe current halance {f the materinle ac-
countine remultn indiecate nn lnre har eFceurrad
since the lapt arecifind time fidueia'., 'n the
1atter caep, the ansnsament atape Ven'd pry he
rrrfeRAYY,

rlearlv, the auality af the farmal elnpr=ant
dampnde arp thp Phnpnuphnper Al thip jmuprtipat inn
ar! epnnra'ly carnot he aparifipd & mrjnrer,  Uno.
rupv, the eratpmant ran, rd sart, he el nlpi-
matrlv ar erunt! etarfet{crpal mprhnde 08 apptueine
the availahle mataciale accanntive drre, fne' .
ime apv new, gusrfitative inforeratine ur-punea!
hv Am i'“'l"‘|if-'||i“|‘- The pEoaljge 0 wiy b F
atatererr? ean he fape! !‘ lnnr[rrinri.

Y11, TRACTRIRAY BEAVIRFW) Rt

Tet nue firal NHirtanpujehy bhetpren procedupe?
requiremarte  and  perfor=anre  rArviprsenpr Trv
teatine procedures, A egptintical furp mury e
formulated to addpran epecific questiope, and gt
mial previde anavers eof knewn auality, sat{afar-
tery or not, We =av ales regquire At apavnpa
he avarlahle or desppl, £ ieh rascjpemsnra Arn
rrecedural npes, 'n the pther hant | wn woenld
Tike for the teat 10 Lave hiph Artrrt inr proha-
Rilitv, o fales=plnre neahahilite, and  pend
dotection aepsitivite, Weo wiyld Alen Cry
the tret tn reepnpd anjeblv, Thieae prrvire onee
Are parformanee M {snted, In emaparvine the par
frrmpuer af pratr, wp must hear in =i{n! the da=
rree pr vhiech thee astiafv phe procednral re-
n{rempnia,

in Anemptrin the paturse Al p=pemdupal  ra.
airempnte, eonrjdpr the following situation,
¥r are piven 1PN marer{al halanes: enverine a
rerind of ten veara, that 15, & halanes nerura



approximately once a week. Once a year, say at
balances 1 and 51, a shutdown, cleanout phvsical
inventory is taken. We have devised a atatis-
tical procedure for detection, and we ask that
it meet the following criteria:

® To preserve timeliners, thr oprortunicy
to decide that a lnar ha= occurred must
he available nor- - rach balance,

e Losses of suffir .t rize occurrine aver
any time interv. , up to one-year lonp,

ar exmuple, minr he dezeerahle. (We
chnope one vear hecaune that nreems to
he the currentlv accepted ntandard for
the manimum interval.)

® A decininn thatr divernion har ar hans nar
accrurred durine a time interval, and
hacked up hyvy annrapriate  areesrprent
prroceduren, mav not he chansed at a
later time {n rhe ahpence nf auhatantial
nev infarmation,

o A definitive ntatemrrt of materia: un-
aecountad far and {tn limit af unenr-
tainty wust he availahle periedicellv,
rav onee each calendar vear at phvrical
inveptory time,

8 The falae=alarm and dreretion nrohphil=
itler and the detestinr arnnitivity mant
he knevr for at !eae, hounded) hofore-
hand ,

The firat criterion in largelv aelf-oxplan-
aterv.  lewever, nete the irplied posmibilite
that A dreiainn ~f na leapr in any  previenn
Lalanens could he reached, eTieinatine thare
halancen lre= further earcideration,

The earen! eriterior han aeverpsl impartant
irplreat foone, For emample, the teat miep he
rrpeitive tn Yaaa §p any nattern, if the lnan inr
lrree orcouph:, Semetimee, thia rergirement e
irteriratnd tp mean that the lope detectinn aen-
it vity rhanld hn the eama far 4]l Ioee pats
torne, W ieh mipht nr mipht pat he pithar dpajr=
Al ar practicahle, The ereand rriterien alen
1*nlina p wavimum Yenpth fer the fecr, in thin
eree "N Valaprne: [P Anea par imnle thar the
pavirne  time  {rtevval  areure hetueep aperifir
halavren, rurh an | oand &0 0] and 1AN Ale,, An
# eelrndaraynar hange, Oihervine, eurh ap arti-
lirial reapriction er the teet procpdure wonld
Al a edyvertnr te tabe sne=haltl at a erpepjfi=-
cant auartity inat wefrre halanee 51, and annther
half luat after balanece %A, & time interval nof
perhaprn twn weeke, and wot have much smallep de-
tection probatrility than {1 the diverrinne hnth
menrred during the aame ralendar-vear interval.

The third eriterion protects al]l partien
voprerned {rom arbitrary chanrer in pant deri-
airna, 1t alen allowe a “fadiny memnry" In al-
leviate the nend (n the detection rtape te rarry
on infarmatinn abent which der{isinne have already
hasn made,

The frirth criterinn {mrliee the ahilite tn
rive a "ntatus repnrl” ar the materiale aceount=-
ine repultn Al appeifind timpn, 1! need PRt mean
that o decininn an tn diverainn ar ann=diverainn
fv requived pt (hoar timea, altheuph that {n a

posaibitity. TIf we do nor require sueh periodfe
decisions and instead confine ourselves to &
statement of the material unaccounted for and ita
uncertainty, then the continuitv of the deteetion
procedure §s8 undistuvrhed, vhich meana the fifth
criterion is easier to satinfy, and the ahnolute
requirement for a vearly assenmment is elirinat=-
ad. At tie amme time, the necond criterion cuar-
anteen that the facility operator will not be
held accountahle for halancea nlder than eane vear
from the current dare,

The fifth criterion ntaten that the tear
wmist he well characterized. For a variete of
reapcra, insufficientlv hounded or hiphlv vari-
ahle teat nronerrier are intnlerahle,

There mer adAitinnal erirerin af nerhane
lenper imnortance hut rhat arill musr ke ropei-
dered. Fnr example, the teat precedure muet hn
nieple ennueh and rraneparent rRe thar it rfan W
unad In the field ard the resulte urderrtna’ hy
nthar than atatirticn srnrrte, Tp wpep plap L
cemputatinpally  feasjhle umirp the  eavipeanpt
likelv to hp at hand,

1V, SOMF RPFCIFIC PRACFDIMIS

¥o nrw ennelder rome atatirtica! pricolupce
that have heen rhev'n hy paer experiercr te he
uneful in materirle arcrurtine. Cratforieng
rrocedurra for aransament will he pxamire ' fr-t
hecaure thev are more wvell developed ard perhaye
will previde insfpht intes precerdures for 'rter-
tien.

A Anscrsment Procedures

Purine the ssancremant atarns, repiraric: nf
the Aivarrinn amnupt and time prtterr Fer o F nrf-
mare  intereag, Copennuent e, Tnre pet=arape
rlav ap impartan? polon, ard apuepal teer g1 timas
tare aveanding nuar all poreih'r Jime icsepunts
vill have e hp uped e covrr A'Y loee (v degee,

tnea petimapape 2, d pheis penvpwtipe Vang
hoprp dircnaerd im mape pppouione maters =0 1 osg .
rorte, 10="1 ardt op shalY pep et o 1t
tAila hepr hut poirt out Ve =ael ur o' e,
The F1e'M {o {ptuitively appeplicre b vees e
eatfwntre the toral Aivearrior in A tirr 1rtevvnl
and {n inanpanderr nf the lrae pattern cithin
that interval. The .vifop= 1¢
tallnred for pratracted emall Irspra of Arprevi-
malely eonatant airzen, and it pat{maten thr lner
asr halarre nuvar A time Interval. The sraunerat
varianre satimator fn deeipned 1o lerl for
AmA l._rrnlrnrlﬂ‘. randomw lonaprpe hy popas|pfep 0t
varjiakilite in the materiala halanree Muring the
time interval. In prarcticn, these three erti=a-
tnra, {f nerfarmed in the manprer darerihed Splon
ace pufficieat te eover almenl all loas patteryr,
reperallv, the setimation alparithme cap Vo rap:
riad nut mequentially in time, A materinle hal
anena hperma aveilabhle, and there are aldvartaees
tr deine e, 177

a nufir, top =

As deacrihed In (he previoue peample of 100
halances nver a Ivn=vear herind, ve war? In ure
thene patimatare too Find the Tnee patiern and In



estimate tha loss. We wvill not neceasarily br
interested in the bippest loss estimate, but the
most sipgnificant one. Bipnificance is normally
indicated by the ratio of the loss estimate to
jits standard deviation, vhich would he equivalaent
to performing a ntatistical test if the ratio
vete compared to a properlv defined threshold.

The wethod for using the l1oss entimators is
an follewa, At the current time, n, assme that
halancen one throush n sre availahle: halance one
representa the lant previoun time fidueia) for
reatarting the procedures. ¥ach losa estimator
in natarted at balance one and {terated rhrough
halance n, providing a loan entimate and irs
nignificance after each halance., Thin nreaccdure
in tlen repeated starting at balance tve, three,
etc., up te balance n. The number of loan enti=
mate sequencer for each loan entimator im n, and
the nuwher of loss estimates and anignificance
valuer for each lonn eatimator {8 1/2 n (n + 1),
I1f the entimators are aequential in time, the en-
tire procesn need not he repeated each tine a now
balance appearn; a nne-atep update can he per-
formed,

The next aten in to galect the mort aienif-
icant entimate and itn corresponding sequence or
pattern. It is poanihle e peorune the aipnifi-
cance values individually, but for %N halancen
there are 127% of them for each lors estimater.
Furthermar:, the naipnificance values, and re-
quencer of thew, are related: in fact, evolving
loan patterne can he more readilv diperrned hy
examinine the appreratinn of the data, Ta dn
thia afficientlv, a pravhical diarlav reehniaue
woul! ke helpful.

Ane auch techpiane is called the alapm-
anauercr ehart, 17771 1p je p meint plar indg-
eatire  thape gequesneee af wateripla halanrne
havire the wmnet pipprificrant lesa  patimates,
Frsh apauener iea Incated ar a8 oranh nf inirial
peirt in the «equencr ve, itr firal peint: the
Flettine eved 1 ueed at that pnirt in indicative
nf the gmipniliecance of that srauenee, Ueing
aeeh A deviee wmakes appraisal ot the materiales
aceourt ing informetion aluoat {nrtant anenun,

Althourh procedures guch Aa there are de-
nipned primarily for the asnrenrment ntaee, thev
can alee provide apsfintance te pafrouarde pee=
pornel durini the detection stare,  The chanping
materiale aceourting ntatus in a facili*y can be
fellowed amd npdated at will to provide eopfir-
satery nfermaticn ~upplementing the nnreal pro-
crdurea yeed during the detectinn =tape.  The
techniques  rrquire  mipnifirant  cesputatinnal
caratilitv: romputerived atvorithme vould he »
rreat helpy,

R, Detertion Procedures

Thr proacedural requiressnte 1iatnd previ-
niele for the doteetinn atape are atrineant apd
arvernly ernstrain the echajee ol etat{nt{ecal
tnetn (nr detert{iop, Tepta havipg well=deaf{psd
valuan of fajar=alarm and detectinn probahilit{es
are nart{enlariv deajrahle haraues the deteetinn

atamre is the initiater af auhaeguent events, such
an assessment, that may have sipnificant conse=-
quences. Houevar, the other eriteria force con-
sideration of procedures that are somevhat more
complicated than those usuallv encountered in the
literature. Consequently, each candidate proce-
dure requires careful examination of its prop-
ertien. Pnlloving are some pormihilitien.

Method 1

The tachniguer deacribed under asreaswent
pracedurer could he used topether an a package
for the detectinon stasr, and thev crvld he made
te natinfe a1l five procedural eviteria, A hound
an the averall false=alarm nrobahilitv for auch
a detectior procedure ean he ohtained from a
Ponferroni incqualiev,”” and the wmethedn are
sufficientlv [f[lexihle te answer the neevararv
quertionn at ecach time, FHowever, the cowplete
barterv nf techniquen wmav he more than is nec-
eaparv, ard too wmuch aof a commutational load, at
each tirme sten, alchourh it mav he desirahle te
uae them everv few halances just te keep elene
watch on the materiala accountine situarier.

Method 2

A simpler detection alrorithm would he ben=
eficial and perhane, in pome canen, mere likelw
to he ured in the finld., Several poeeihilirien
are dircrased in a related parer ip theme pro-
ceodinen.”  One nf the et of theer (8 the
requent{al teat of mower one, Tr ite nimplesr
form for unenrralated, etatinrarv marariala hal-
ancae nf varinnee ®, the tept (¢ haend op the

FUSIV ag pime noand {8 plvep he 170

1]
ctmy 31 [0 .;'_) Ia” o tmtns i}t 23

——— .

. ¥

vhrern the repirn helpw the phyaehnld [Yalipinpl mn)
{r the parmal nreratine recien vher  the aranrna-
tinl tent continuen urt{l the thrrekald e

creapnd ar the teet ie truncated, The reolise?
falar-plarm nrohahilite, A, {a heundad he

-
-a 17

nrc m
M YA
#fa) {n the ranerian error functien evaluated
at A, U'mine the truncatieon procedurae deacrikad
In Ref., 27, the teat way he started at an arki-
trary time fidueial and 1runcated and restarted
nn demasd and au apprapriste, The overall falae=
alare nretahility for such a anrire nf *pete ean
arair he honnded by A Ranferreni ineaualite.

The power=ane teet has gnnd! pevinremanen 1n
trrme n1 {te falapmpalarm prohah{litev apd detee-
tinn aepniti{vite, 11a maip dravhack {a that the
truncatinn pnin? s purely arkitrary: ths wmale=-
rinln aceountine Mata dn net wipnal the ared (nr
A reatarr undeyr parmal aneration, vhich mpane
that perindie truncatine vi{11 penerallv he re-
aiired ¢n avnid enceedineg the mavimm time in=-
terval,



Method 1

This method, vhich ia still under develop-
ment, is related to Methnd 1 and the assessment
procedure through a direct search for the "worat-
cane" sequence nf balances. For the simpleat
cane ap in Method 7, the teat is

n
¢(n) = min (i) iI T(n) , (33
0<i~n (1]

with €(N) = 0. The precise form of the boundarv
is still beinp inveatigated, but it is likelv to
he similar to that far the pever-one teat, which
in based on the lav of the {terated leopa-
rithm."%:26  Thig test is als. related to
Pape's tnt.”':‘“ moat cloaely tea the wveraion
that finds the maximum change in the CURIM from
a fived neries of materialn halancen: previrua
aequential formulations have heen nfomevhatr dif-
ferent.

Thin teat nreacedure laresely alleviates the
rentart prohlem nf Vethad ? hecaune the lorical
heeinning noint in the minfimm nf the FNRINM {p
th: maximum time interval, The tert ran alan he
truncated and reatarted a: vill urire nraredurer
rimilar teo thnee of Methad 2,

Hestind 4

It han heen suepested "' that a menni-
tive indicator tn chansen in the laep pattern,
for example its onant, wirht he provided hv pyp-
arinire the "innovatisne wsequence."?  The in-
novatinne should he zero-wean and requentially
uncorrelated for rere lors and proper alenrithm
formuatinon, and the anraciated test would Jnok
[or departuren from these annmptinee,

Becaunae the innnvatione sequence, “v defi=
rition, containn all tne availahle information,
it should he well-puited tn detectine  miuch
charrra,  lewever, it w1l he aenaitive te anv
c-anere, [neludine thnas {p the Inar pattern and
nreeciallv thaae necurrine in the enrralated
=CATIFATANl  APPAPN, Thearefore, follav=np 1n0-
veat1ratiarp, parhape [{ke theeae nf the aspere=-
me=t atpagn, vi{'] have tn ha wade *e arparate the
~pueps, *Lie way parnlys adinetment nf the tent
thraet Ve 30 pebieve 2 suitahin rate nf {nitin-
ti== Al php pasnsemnpt atape, The teap |~ etild
hning Adovalapel,

Co olatement Prosedures

dn aypprerpd prpvinnrelv, the astatement riape
ahrnyld aylmipata n a repart af the matrerials
arcount inp paanlte, that in, a rtatement nf the
materiala unarecuntad frr and {te Jimit nf un-
errtAairty, The atatement rar Ywr made Al operi=
find pninte in time enverine the manimm time
interval, nr it car he made [nllnwine a detectinn
wnd asnepameant that a sipnificant lonm ham ne-
curred,. fine poanihle methad in te report the
mont nipnificant peaultn in the mapismm time in-
terval. Thin techniquer wonld he related te de-
tectinn=natape Methnd } in that the atatement of
saterials unacenunted fer in piven by

O:ﬂ'nm(ﬂ - e, cii)l , (M) = n (A

for the naimnleat cane dincunsed ahave, Thin
statistic im nnt Caussian, bur it har well-
defined characteristics in terma of our beinp
ahle tn quantify {tn 1imit of uncertainte. Note
that this ntatintic ia a elobal one in that ¢
examines all the data and therefore has sdifferent
properties than an isolated CUSINM,

V. CONCLUSIONS

The atatiptical testn used ta exawine mate-
rialn aecountinpg dl:l must be speciallv ntruc-
tured ro meer aperatine and safepuards procedural
requirementa. The task can he made eanier hy
recapnizine that materiale accountine activitien
oceur in three atapen: detection, assrpament | and
ntatement., Statinrfcal methodn muat aatisfv, at
leant, five criteria:

e tiwmrlinees,

o flerihility with resreer ta time {ntor-
val and losm patternn,

o atahilirv af decininna,

o availahiliry an demand nf the matrrircln
Accounting patarue, and

o muant{fishility af norformance,

Many nf the techninees dayntaped apt need
in the nasr are arplicable primariley te ihe
ansepament ntare, altheurh thev mavy W nf enen
ure durinpg detection. Thin s eepecinlle tree
of Yaan entimatern, Apecialived .lparith=e de-
nirned for the detectinn arape are atill! heipp
develnprd.  The auenatfen af wvhat cerrtiturice n
atatement in opep vet, but anprepriate statietf-
cal mathnds are availahln,
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